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(54) Stator winding method and apparatus 

(57) A stator winding machine has a turret plate 
mounted for rotation about a vertical axis with stator 
clamp mechanisms mounted at spaced locations 
around its periphery for clamping stators to the turret 
plate with the axes of the stators coplanar with the axis 
of reciprocation and oscillation of the winding shuttle 
used to wind coils on the stators. The turret plate is 
repeatedly indexed in one direction about its vertical 
center axis to repeatedly sequentially move each of the 
stator clamp mechanisms to a load/unload station, an 
optional idle station, a winding station, a coil lead termi- 
nating station, and then back to the load/unload station. 
Parts of the machine are quickly replaceable and other 
parts are programmably adjustable to accommodate 
different stator configurations. The programmably 
adjustable parts include a lead pull assembly having 
wire grippers mounted on carriages driven in respec- 
tively opposite directions along planes that a perpendic- 
ular to the axis of reciprocation and oscillation of the 
winding shuttle by a programmably controlled drive 
motor. Air actuators on carriage are used to pivot the 
wire grippers and to control the vertical spacing of the 
wire grippers. 
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Description 

Background of the Invention 

This invention relates to a stator winding method s 
and apparatus and particularly to a machine for winding 
field coils on dynamoelectric devices and particularly 2- 
pole stators and for effecting a connection between the 
field coils and terminals mounted on the stator. 

An object of one aspect of this invention is to pro- 10 
vide a machine which has a high production rate, which 
is readily adaptable for use with industrial robots and 
conveyors that convey stators to and from the machine, 
and is readily changed over, by the use of both program- 
mably adjustable parts and readily replaceable parts, 75 
from the winding of a stator of one configuration to the 
winding of stators having different configurations. 

In accordance with this aspect of the invention, a 
stator winding machine is provided having a turret plate 
mounted for rotation about a vertical axis extending 20 
centrally therethrough, and plural stator clamp mecha- 
nisms mounted at spaced locations around the periph- 
ery of the turret plate, each of which mechanisms 
clamps a stator to the turret plate. For reasons which will 
become apparent, each stator is clamped to the turret 25 
plate with its center axis extending horizontally and sub- 
stantially perpendicularly with respect to the vertical 
axis of rotation of the turret member and with the end 
face of the stator most remote from the vertical axis of 
the turret plate held in a vertical orientation spaced a 30 
fixed horizontal distance from such vertical axis. The 
stator is positioned on a seat adjacent each of the clamp 
mechanisms which may include a replaceable spacer 
for positioning the clamped stators at a proper height. 

A wire clamp assembly is mounted on the turret 35 
plate adjacent each of the stator clamp mechanisms. 
Each wire clamp assembly Preferably has programma- 
ble, air operated wire clamps adapted to temporarily 
hold coil lead wires extending from coils wound on a 
stator being wound. *o 

The turret member is repeatedly indexed in one 
direction about its vertical center axis to repeatedly 
sequentially move each of the stator clamp mecha- 
nisms to a load/unload station, a winding station, a coil 
lead terminating station, and then back to the 45 
load/unload station. In the presently preferred embodi- 
ment, the turret has four stator clamp mechanisms, 
located 90 degrees apart around the periphery of the 
turret plate, one for each of the above-mentioned sta- 
tions and an additional one which is accommodated by so 
an idle station between the load/unload station and the 
winding station. However, it would be possible to utilize 
a 3 station turret plate in a winding machine which 
would not have an idle station. 

At the load/unload station, a newly wound stator is 55 
removed from the turret plate and replaced by an 
unwound stator. Subsequently, the unwound stator is 
moved by an index of the turret plate to the winding sta- 
tion. Located adjacent the winding station is a winding 



head having a winding shuttle or ram that reciprocates 
and oscillates about a fixed horizontal axis to draw two 
or more wires from sources of wire under tension to 
wind the wires into coils about the stator poles. In 
advance of the operation of the winding head, two pairs 
of winding forms are connected to the unwound stator at 
the winding station, and a pair of wires extending from 
the wire sources and held by wire grippers are inserted 
by movement of the wire grippers into a pair of the wire 
clamps supported on the turret plate. Coils of wire are 
then wound on the unwound stator by operation of the 
winding head. At the conclusion of the winding opera- 
tion, the wire portions leading from the coils to the wind- 
ing shuttle are gripped by the wire grippers to form coil 
finish lead wires extending from the coils, which are 
positioned in other wire clamps on the turret plate. Wire 
cutting mechanisms associated with the wire grippers 
cut the finish leads, now clamped to the turret plate, free 
from the wire grippers so that the newly wound stator is 
completely severed from the winding head. The stator 
may then be indexed by rotation of the turret plate to the 
wire terminating station at which the start and finish 
leads are removed from the wire clamps and at least 
temporarily connected to terminals on the stator by a 
robot or other suitable mechanism. Accordingly, when 
the newly wound stator arrives at the load/unload sta- 
tion, it may be simply undamped from the turret plate 
and removed. The foregoing operations are repeated to 
continuously wind stators. 

Preferably in accordance with this invention, the 
stator clamp mechanisms and the stator seats and 
spacers are quickly replaceable to accommodate sta- 
tors having different stack diameters, the winding form 
handling and locking mechanisms are capable of 
accommodating stators having different stack heights, 
the winding head is programmably movable for accom- 
modating stators having different stack heights, and the 
lead pull assemblies are programmable to accommo- 
date different requirements for stator coil leads, both as 
to the position of the wire clamps for the start and finish 
wires and also as to any wire clamps that may be pro- 
vided for coil tap leads. 

In the manufacture of 2-pole stators, a common 
practice is to position a stator to be wound in a winding 
station with its longitudinal axis aligned with the axis of 
oscillation and reciprocation of a winding shuttle that 
draws wires from sources of wire under tension and 
winds the wires into coils around the stator pole pieces. 
There are typically four wire clamps located in fixed rela- 
tion to the stator being wound into which the stator start 
and finish leads are inserted by a lead pull assembly 
that includes a pair of wire grippers, one being associ- 
ated with each stator coil. In operation, after a stator is 
wound, the wire clamps are moved with the freshly 
wound stator out of the winding station and the wire 
grippers, which remain in the area of the winding sta- 
tion, hold the free ends of the wires exiting from the 
winding shuttle in predetermined positions. After the 
next unwound stator to be wound is located in the wind- 
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ing station, and often after the winding of coils on the 
unwound stator is commenced, the lead pull grippers 
are manipulated by mechnical means to insert the wire 
ends gripped by them into a pair of the wire clamps fixed 
relative to the unwound stator. 5 

After the coils are fully wound, the wire grippers are 
again manipulated, this time to clampingly engage the 
segments of the wires extending from the newly wound 
coils to the winding shuttle and to insert the wire seg- 
ments into another pair of wire clamps fixed relative to 10 
the freshly wound stator. In some cases the coils have 
tap leads in addition to the start and finish leads. In the 
past, the wire grippers have been used to pull the tap 
leads, but the tap leads were normally pulled out of the 
way and not securely clamped, the wire clamps nor- 
mally being used only for the start and finish coil leads. 

Older stator winding machines were typically dedi- 
cated to the winding of stators having but one configura- 
tion or a narrow range of configurations. In order to be 
used to wind stators having differing configurations, 
costly and time-consuming retooling or other change- 
over steps had to be taken. There is an ever increasing 
need to provide stator winding machines capable of 
being rapidly and inexpensively set up to wind stators of 
various different configurations. There is also a conti- 
nous need for improvements in the simplicity, cost, 
speed of operation, and reliability of stator winding 
machines. Of course, the same needs apply to lead pull 
apparatus. In addition, lead pull assemblies must also 
be sufficiently compact that they do not interfere with the 
other functions of the stator winding machine with which 
they are used. Compactness is an important factor, par- 
ticularly because there is a usually a small space in the 
area of the winding head and the stator being wound 
within which a lead pull assembly is located. 

In another aspect of this invention, an object is to 
provide a lead pull method and apparatus for use with a 
stator winding machine which is flexible so that it can be 
quickly set up for use with stators of various different 
configuations and which also meets the foregoing crite- 
ria of simplicity, low cost, high operating speeds, high 
reliability, and compactness. 

In accordance with this invention a lead pull assem- 
bly is provided which comprises a pair of wire grippers, 
one for each of the stator coils, mounted on a pair of 
carriages that are supported for movement along mutu- 
ally spaced and parallel paths located, respectively, 
above and below, the axis of oscillation and reciproca- 
tion of a winding shuttle. (Here it should be noted that 
relative terms such as "above", "below", "front", and 
"rear" are used in a relative and not an absolute sense 
herein unless the context indicates otherwise.) The car- 
riages are driven back and forth along their respective 
paths in mutually opposite directions by a drive motor 
connected by timing bolts to a pair of drive screws, one 
for each of the carriages. The wire grippers are 
mounted on the carriages by a first frame immovably 
affixed to its carriage and a second frame pivotally 
mounted on said first frame that may be pivoted about 



an axis parallel to the axis of movement of the carriage 
by operation of an air actuator mounted on the first 
frame. A second air actuator mounted on the pivotal 
frame opens and closes the wire gripper jaws and may 
also operate a cutting blade in a manner known in the 
art. 

Although the lead pull method and apparatus of this 
invention is especially advantageous for use with the 
stator winding machine described above and is further 
described below, it will be apparent that it may be used 
in various other stator winding machines. 

Other objects and advantages will become appar- 
ent from the following description and the drawings. 

Brief Description of the Drawings 

FIG. 1 is a simplified, exploded, partly diagram- 
matic perspective view of a stator winding machine that 
includes a lead pull assembly made in accordance with 
this invention. However, only the gripper portions of the 
lead pull assemblies are shown in FIG. 1. 

FIG. 2 is a simplified, fragmentary, front elevational 
view of the machine of FIG. 1 and showing an unwound 
stator in position to have coils wound therein and 
another unwound stator about to be clamped to the 
machine turret plate. 

FIG. 3 is a fragmentary elevational view, with parts 
broken away and parts shown in cross section, of a sta- 
tor support and clamp assembly forming part of the 
machine of FIG. 1 as viewed in the direction of arrows 3- 
3 of FIG. 2 and showing a wire clamp support holder 
associated therewith by broken lines. 

FIG. 4 is a fragmentary elevational view, with parts 
broken away and parts shown in cross section, of a por- 
tion of the stator support and clamp assembly of FIG. 3. 

FIG. 5 is a fragmentary, exploded perspective view 
of a portion of a stator support forming part of the sup- 
port and clamp assembly of FIGS. 3 and 4. 

FIG. 6 is a fragmentary, exploded perspective view 
of a portion of a stator clamp forming part of the support 
and clamp assembly of FIGS. 3 and 4. 

FIG. 7 is a view similar to FIG. 3 showing the stator 
support and clamp assembly modified to support a sta- 
tor of a different size. 

FIG. 8 is a fragmentary top plan view, partly in cross 
section, of a portion of a winding form-loading mecha- 
nism of the machine of FIGS. 1 and 2 as viewed in the 
direction of arrows 8-8 of FIG. 2. 

FIG. 9 is a fragmentary elevational view of another 
portion of the winding form-loading mechanism of the 
machine of FIGS. 1 and 2 as viewed in the direction of 
arrows 9-9 of FIG. 2. 

FIG. 10 is a simplified, fragmentary, exploded, per- 
spective view that diagrammatically illustrates the 
movements of the various parts of the winding form- 
loading mechanism. The stator is not shown in FIG. 10 
to avoid a confusion of lines. 

FIG. 1 1 is a fragmentary, elevational view of a stator 
located in position to be wound and showing winding 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP 0 751 607 A2 



6 



forms locked to the stator by upper and lower program- 
mably adjustable form lock assemblies. 

FIG. 12 is an enlarged, fragmentary cross sectional 
view taken along section line 12-12 of FIG. 11, with 
parts cut away, showing the manner in which a winding 
form is locked to a stator. 

FIG. 13 is a fragmentary cross sectional view taken 
along section line 13-13 of FIG. 12 and on the same 
scale as FIG. 12. 

FIG. 14 is a simplified, fragmentary, eievational 
view showing the upper form locking assembly adjusted 
for use with a stator having a different stack height. 

FIG. 15 is a fragmentary, rear eievational view of 
the programmably adjustable winding head assembly, 
representing the portion of the machine viewed in the 
direction of arrows 15-15 of FIG. 1. 

FIG. 16 is an enlarged, fragmentary eievational 
view showing the manner in which a winding head is 
clamped to its base. 

FIG. 17 is a fragmentary perspective view of a pro- 
grammably adjustable lead pull assembly forming part 
of the machine of FIGS. 1 and 2. A small portion of this 
assembly is shown diagrammatically in FIG. 1 and is not 
shown in FIG. 2 to avoid overcrowding of lines. 

FIGS. 18 through 22 diagrammatically illustrate the 
initial and final steps in the sequence of operation of the 
programmably adjustable lead pull assembly of FIG. 1 7. 

Detailed Description 

FIGS. 1 and 2 illustrate a stator winding machine, 
generally designated 50, in accordance with this inven- 
tion for use in winding coils of wire onto a 2-pole stator, 
generally designated 52, comprising a generally cylin- 
drical laminated core 54 that forms pole pieces 56 about 
which the coils are wound from wires drawn from 
sources 58 of wire under tension. Here it may be 
observed that the length of a stator is known as its 
"stack height" since its length is determined by the 
number and thickness of the laminations from which it is 
formed. Its outer diameter is termed its "stack diame- 
ter". The stator 52 is also provided with terminal boards, 
which may be entirely conventional, and terminals 60 
held by the boards to which the stator coil lead wires are 
connected. 

In general, the purpose of the stator winding 
machine 50 is to wind field coils onto the stator pole 
pieces 56 and to at least temporarily connect the coil 
lead wires to the terminals on the stator. 

With continued reference to FIGS. 1 and 2, the 
machine 50 includes a turret plate 62 mounted for rota- 
tion about a vertical axis 64 and repeatedly rotational ly 
indexed through successive 90 degree increments in 
one direction, as indicated by the arrow 65 in FIG. 1 , 
about its vertical axis 64 by a suitable indexing drive 
motor 66. Stators to be wound are clamped to an indi- 
vidual one of four stator clamp mechanisms, generally 
designated 68. each of which includes a pair of mutually 
confronting stator clamps, generally designated 70. piv- 



otally mounted on the periphery of the turret plate 62 
and biased by springs 72 into clamping engagement 
with the stators clamped thereby. The stators are sup- 
ported by seats 74 located around the periphery of the 

5 turret plate 62. Spacers 76 to which the seats 74 are 
connected in any suitable fashion are provided, if 
needed, to locate the stators at the proper height with 
the longitudinal axis of the stator coplanar with the hori- 
zontal axis of movement of the winding shuttle, as will 

io become apparent. 

The four stator clamp mechanisms 68 are con- 
nected to the turret plate 62 at 90 degree spaced loca- 
tions so that, in operation, after each 90 degree index of 
the turret plate 62. there will be a clamp mechanism 68 

is at each of four stations, namely a load/unload station A, 
an idle station B, a winding station C, and a coil lead ter- 
minating station D. At each of the stations, the stators 
are positioned with their center axes extending horizon- 
tally and substantially perpendicularly with respect to 

20 the vertical axis 64 of the turret plate 62 and with the 
end faces of the stators most remote from the vertical 
axis 64 in vertical orientations and spaced a fixed hori- 
zontal distance from the vertical axis 64 of the turret 
plate 62. 

25 At the load/unload station A, a newly wound stator 
52 is undamped from the turret plate 62, removed from 
the turret plate 62, and replaced by an unwound stator 
52. No operations are performed on the stator at the idle 
station B. At the winding station C, two pairs of winding 

30 forms 78, namely a pair of upper and lower front winding 
forms 80 and a pair of upper and lower rear winding 
forms 82, are connected to the unwound stator 52, wire 
portions held by an upper and lower pair of wire grippers 
84 are inserted by movement of the wire grippers 84 

35 into a pair of the wire clamps 88 supported on the turret 
plate 62 by a mounting frame plate 90, as will be further 
described below. 

After the foregoing steps are accomplished, a pair 
of stator coils are wound by the operation of a winding 

40 head 92 located adjacent the winding station C and hav- 
ing a reciprocating and oscillating shuttle or ram 94 that 
draws wires from sources of wire 96 of wire under ten- 
sion and having wire guide needles 98 through which 
the wires exit as the coils are wound. The operating 

45 mechanism within the winding head may be entirely 
conventional so it is not described in detail herein, its 
importance being that it causes the winding shuttle or 
ram 94 to reciprocate and oscillate about a fixed hori- 
zontal axis in order to wind coils of wire around the sta- 

50 tor pole pieces in a manner well known in the art. 

At the conclusion of the winding operation, the wire 
portions leading from the coils to the winding shuttle 94 
are gripped by the wire grippers 84 to form coil finish 
lead wires extending from the coils, which are posi- 

55 tioned in other ones of the wire clamps 88. Wire cutting 
mechanisms associated with the wire grippers 84 cut 
the finish leads free from the wire grippers so that the 
newly wound stator is completely free from the winding 
shuttle 94 so that the wound stator may be indexed by 
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rotation of the turret plate 62 to the wire terminating sta- 
tion D at which the start and finish leads are removed 
from the wire clamps 88 and at least temporarily con- 
nected to terminals on the stator by a robot or other suit- 
able mechanism, diagrammatically indicated at 100. 5 
This mechanism may also be conventional and is not 
further described herein. One example of a coil termi- 
nating mechanism is shown in United States Patent No. 
4,951,379. Thus it may be seen that when the newly 
wound stator returns to the load/unload station A, it may 
be simply undamped from the turret plate and removed. 
The foregoing operations are repeated to continuously 
wind stator s. 

With reference to FIGS. 1 through 6, each clamp 
mounting plate 90 comprises a rectangular plate con- 
nected to a pair of spring retainer plates 102, each of 
which is mounted on the turret plate 62 over a recess 
104 therein which is spanned by a pivot pin 106 for an 
L-shaped clamp lever 108 that forms part of one of the 
stator clamps 70. Each clamp 70 further includes a 
clamp jaw 110 removably connected to the clamp lever 
108 shaped to engage the outer periphery of the stator. 
Each damp jaw 1 1 0 has a pair of protuberant teeth 1 1 2 
having vertical surfaces which provide reference points 
or backup surfaces engaged by the face of the stator 
most remote from the vertical axis 64 to insure that the 
stator is properly spaced from the operating mecha- 
nisms at the various stations. The stator may be so posi- 
tioned by hand or by the use of a suitable mechanism, 
such as an industrial robot (not shown). To enable the 
stator to be inserted and removed through the clamp 
mounting plate 90 at the load/unload station A, the 
clamp jaws are spread apart by engagement of the pis- 
ton 1 14 of an air cylinder 1 1 5 with the lower leg of the L- 
shaped clamp lever 108, as apparent from an inspection 
of FIGS. 1-3. A sensing switch 117 (FIG.1) indicates to 
the machine controls that it is safe to index. The opera- 
tions of this and various other sensing devices are not 
described herein, the use of such devices in the control 
of machine operations being well known. 

As seen in FIGS. 5 and 6, the assembled seats 74 
and spacers 76 and the stator clamp jaws 1 10 are read- 
ily removable and replaceable for use in supporting sta- 
tors having different stack diameters. Thus, an 
assembled seat 74 and spacer 76 can simply be lifted 
off the turret plate 62, it being held only by a pair of pins 
116 on the turret. The stator clamp jaw 110 shown in 
FIG. 6, being aligned with clamp lever 108 by a pair, of 
pins 118 projecting from the clamp jaw 110 which are 
received by bores 119 in the clamp lever 108, is simi- 
larly slidable off the clamp lever 1 08 following removal of 
a retaining pin 120. The advantage of these quick- 
change parts can be observed by a comparison of 
FIGS. 3 and 7. Thus, FIG. 3, shows a relatively larger 
stator 52 and FIG. 7 shows a relatively smaller stator, 
designated 52A. FIG. 7 accordingly has a correspond- 
ingly taller spacer, designated 76A, and longer clamp 
jaws, designated 1 1 0A. It will be noted in FIGS. 3 and 7 
that the stators are located on the same center line. 



The winding of an unwound stator 52 commences 
with placement of the stator on the seat 74 located at 
the load/unload station A. This places the stator in a 
proper rotational orientation for further processing in 
view of the fact that the stator has a flat surface which 
rests on the seat 74. Of course, other means of stator 
orientation could be used. After the second subsequent 
index of the turret plate 62, the unwound stator arrives 
at the winding station C with its center line aligned with 
the fixed axis of reciprocation and oscillation of the 
winding shuttle 94. At this time the winding forms 80 and 
82 are locked to one another and to the stator core 54 in 
an essentially conventional fashion. Thus, an upper pair 
of form retainer blades 130 are moved downwardly and 
a lower pair of form retainer blades 132 are moved 
upwardly by the operation of air actuators 134 and 136, 
respectively, into straddling relation to the stator core 
54. It is appropriate to note at this time that the stator 
seat 74 and its spacer 76 are shaped to permit the 
extension of the lower form retainer blades therethrough 
or therepast. 

With reference to FIGS. 2 and 10, the front pair of 
winding forms 80 are initially held between short piston 
rods 140 controlled by air cylinders 142 mounted on a 
carriage 1 44 and a center post 145 on the carriage 144. 
The carriage 144 is slidably guided along a gib 146 
mounted on a mounting plate 148 affixed to the bed of 
the machine. The carriage 144 is movable toward and 
away from the stator at the winding station C by opera- 
tion of an air actuator 150 that is also mounted on the 
fixed mounting plate 148. Advancement of the carriage 
1 44 toward the stator causes the the front winding forms 
to engage the front face of the stator core at which time 
a locking pin 151 on the front winding forms 80 pass 
through slots 152 in the form retainer blades 130 and 
1 32. The rear pair of winding forms 82 is then advanced 
toward the stator and interengages with the front wind- 
ing forms 80. The form retainer blades 130 and 132 are 
then moved away from the axis of the stator to lock the 
winding forms 80 and 82 to the stator core 54 by 
engagement with the locking pins, as well known. 

The parts that carry the winding forms 80 and 82 to 
the stator are now moved away to enable the coil lead 
connection and the coil winding operations to com- 
mence. The carriage 144 for the front winding forms is 
simply retracted out of the way by operation of the air 
actuator 150. With reference to FIGS. 8, 9, and 10, the 
rear winding forms are carried by support pins 153 
mounted on a pin carriage 154 movably mounted on an 
L-shaped bracket 156 slidable on guide rod 158 in a 
direction generally parallel to the stator axis and moved 
therealong by an actuator 160. The pin carriage 154 is 
driven relative to the bracket 156 by an air actuator 162 
thereon. In operation, the support pins 153 are 
advanced to bring the rear winding forms toward the 
stator by operation of the air actuator 160. After the 
forms are locked to the stator, the pin carriage is 
retracted to the side by operation of the air actuator 162 
and then rearwardly by operation of the air actuator 160 
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where the parts are out of the way to permit the coil lead 
handling and winding operations to take place. The 
operations to remove the winding forms 80 and 82 after 
the winding operation is completed will be obvious from 
the foregoing. 

With reference to FIGS. 1 , 1 1 , and 14, the f rontmost 
ones of the upper and lower form locking blades 130 
and 132 are mounted on movable carriages 170 driven 
by motors 172 that enable them to be programmably 
adjusted for use with stators having different stack 
heights. Of course, the positions of the rear locking 
blades are fixed because the corresponding face of the 
stator is always located in the same vertical pla regard- 
less of the stator stack height. 

With reference to FIGS. 1 , 15, and 16, also for pur- 
poses of adjusting to stators having different stack 
heights, the winding head 92 has tracks 180 suppported 
by roller elements 182 on a winding machine base 184. 
The entire winding head 92 may be moved toward and 
away from the stator, to advantageously adjust the 
center of the shuttle reciprocation to the center of the 
stator by means of a suitable drive unit 186. During the 
movement of the winding head 92, it also slides along a 
brass clutch member 188 shown in FIG. 16. To clamp 
the winding head in an adjusted location, a pair of air 
operated clamps 190 draw the winding head 92 and its 
base 184 together. The operating parts for moving and 
clamping the winding head 92 may also be programma- 
bly controlled for purposes of quick change over. 

FIGS. 1 7 through 22 illustrate how the wire grippers 
84 may be programmably controlled for winding stators 
having various different lead positioning requirements. 
The grippers 84 form part of a lead pull assembly, gen- 
erally designated 208. that comprises upper and lower 
movable carriages 210 driven by drive screws 212 
rotated by a motor 214 and movable along mutually 
spaced and parallel paths located above and below the 
axis of oscillation and reciprocation of the winding shut- 
tle 94. The respective drive screws 212 have opposite 
threads so that the carriages 210 move in mutually 
opposite, horizontal directions when the drive motor 214 
is energized. Each of the carriages 210 rides along a 
pair of parallel rails 21 3 and each supports a respective 
wire gripper assembly, generally designated 215, that 
includes a first frame 217 fixed to a vertical carriage 
plate 219. A second frame 220 is vertically mounted on 
the first frame 21 7. A first air actuator 216 is mounted on 
the first frame 217 and has a piston rod 216A that 
moves the second frame 220 vertically relative to the 
winding shuttle 94. A second air actuator 218 mounted 
on the second frame 220 operates to pivotal ly move a 
third frame 222 about an axis of rotation relative to the 
first frame 217, which axis is parallel to the horizontal 
axis of movement of the carriages 210. The gripper 84 
on each carriage 210 is operated by a wire clamp actu- 
ator 224 to grip and clamp the lead wires in conven- 
tional fashion, each gripper 84 including one blade (not 
shown) that grips the wire in its grasp and a second 
blade (not shown) that cuts the wire. The air actuators 



216, 218, and 219 are used to control the various move- 
ments of the wire grippers 84 as illustrated in FIGS. 18 
through 21 . The drive screws 212, the parallel rails 213, 
the motor 214, and the supports therefor are commer- 

5 daily available as a unit, as for example, a unit known as 
a "rail table" sold by Daedel, Box 500, Harrison City, 
Pennsylvania 15636. 

Because motor 214 is programmable, the lead pull 
assembly may be used to not only pull start and finish 

10 leads but also to pull any number of tap leads. Thus, a 
tap lead could be inserted into the wire clamp, desig- 
nated 88A in FIG. 17, intermediate the start and finish 
wire clamps 88 by suitable programming of the opera- 
tion of the motor 214. It will also be apparent that addi- 

15 tional taps could be connected to the same or different 
wire clamps using the apparatus of this invention. Here 
it may be noted that motor 21 4 may be of any type suit- 
able for use with the type of electronic system used to 
control the operation of the machine. 

20 Although the presently preferred embodiment of 
this invention has been described, it will be understood 
that various modifications may be made within the 
scope of the following claims. 

25 Claims 

1 . Stator winding apparatus for winding field coils onto 
pole pieces of a stator located at a winding station 
using wires supplied from sources of wire under 
30 tension, said apparatus comprising: 

a winding head assembly located adjacent said 

winding station that winds coils of wire on the 

stator at said winding station; 
35 two pairs of mutually interlocking winding forms 

for guiding the wires wound into coils wound on 

the stator at the winding station; 

a pair of winding form-loading mechanisms that 

move said winding forms into and out of 
40 engagement with one another at said winding 

station; and 

a pair of form lock assemblies adjacent said 
winding station that lock said winding forms to 
the stator located at said winding station and, 

45 after the winding operation is completed, 

unlock said winding forms from the same stator 
while said stator is still located at said winding 
station, each of said form lock assemblies 
including a user-operable adjustment mecha- 

50 nism that, without disassembly, adjusts the 

associated form lock assembly to permit said 
winding forms to be locked to stators having 
substantially different stack heights. 

55 2. The apparatus of claim 1 further comprising: 

a turret member mounted for rotation about a 
vertical axis; 

at least three stator clamp mechanisms includ- 
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ing stator clamps mounted on said turret mem- 
ber at spaced locations around its periphery for 
clamping stators to said turret member at said 
spaced locations with the center axes of said 
stators extending horizontally and substantially 
perpendicularly with respect to said vertical 
axis and with the end faces of said stators most 
remote from said vertical axis held by said sta- 
tor clamps in vertical orientations at said wind- 
ing stations and spaced a fixed horizontal 10 
distance from said vertical axis; 
a wire clamp assembly mounted on said turret 
member adjacent each of said stator clamp 
mechanisms having wire clamps adapted to 
temporarily hold coil lead wires extending from 15 
coils wound on a stator; 
means for repeatedly indexing said turret mem- 
ber about said vertical axis to repeatedly 
sequentially position each of said stators in a 
load/unload station wherein a newly wound 20 
stator is undamped from said turret member 
and removed from said turret member and 
replaced by an unwound stator, a winding sta- 
tion at which coils of wire are wound on an 
unwound stator and coil lead wires extending 25 
from said coils are positioned in wire clamps 
and severed from the wire sources, and a coil 
lead terminating station wherein coil leads are 
connected to terminals mounted on the core of 
the newly wound stator; and so 
coil lead terminating means at said coil lead 
terminating station for connecting said coil 
leads to said terminals on said stator core. 

The apparatus of claim 2 wherein said winding 35 
head has a ram that reciprocates and oscillates a 
fixed horizontal axis, and wherein said turret mem- 
ber is provided with seats for supporting said sta- 
tors so that the centerlines of said stators are 
coplanar with said fixed horizontal axis. 40 

The apparatus of claim 3 wherein: said seats are 
connected to spacers, said seats and spacers 
being readily removed and replaced by seats and 
spacers of different heights to accommodate sta- 45 
tors of substantially different stack diameters. 

The apparatus of claim 3 or 4 wherein said form 
lock assemblies include form retainer blades 
engaging said winding forms and holding them so 
against a stator in said winding station and means 
for moving said blades in vertical paths toward and 
away from said winding forms, and wherein said 
seats and said spacers have openings to permit 
movement of said form retainer blades there- 55 
through. 

The apparatus of any one of the preceding claims 
wherein each of said form lock assemblies com- 



prises a pair of parallel, vertically movable form 
locking blades, a movable carriage, means mount- 
ing one of said form locking blades on said car- 
riage, and a motor for moving said carriage and 
thereby said one of said form locking blades hori- 
zontally toward and away from the other of said 
form locking blades. 

7. The apparatus of any one of the preceding claims 
wherein one of said pair of winding form-loading 
mechanisms comprises a carriage movable toward 
and away from said winding station, a horizontal 
post extending from said carriage toward said wind- 
ing head, clamps means mounted on said carriage 
for releasably clamping a pair of said winding forms 
to said horizontal post, and means for moving said 
carriage with said winding forms clamped thereto 
toward said winding head and positioning said last 
mentioned winding forms in the bore of a stator to 
be wound. 

8. The apparatus of claim 7 wherein said clamp 
means comprises a pair of air actuators having pis- 
ton rods engageable with said last mentioned wind- 
ing forms 

9. The apparatus of any one of the preceding claims 
further comprising a lead pull assembly adjacent 
said winding station for positioning wires extending 
to and from the coils wound at said winding station 
in said wire clamps, said lead pull assembly com- 
prising: 

a pair of movable carriages; 
a wire gripper assembly mounted on each of 
said carriages, each wire gripper assembly 
including a wire gripper and mechanisms for 
moving and operating said wire gripper; 
a drive screw for each carriage drivingly con- 
nected to the associated carriage for moving 
said carriage in a horizontal direction to move 
said wire grippers into positions for gripping 
and manipulating segments of the wire used to 
wind coils on stator pole pieces; and 
a programmably controllable drive motor con- 
nected to said drive screws for rotating the 
same to move said carriages. 

10. Tlie apparatus of claim 9 wherein said drive motor 
is connected to said drive screws by means causing 
said carriages to move in mutually opposite direc- 
tions. 

11. The apparatus of any one of the preceding claim 
wherein said winding form-loading mechanisms 
move said winding forms into and out of engage- 
ment with one another at said winding station. 

12. The apparatus of any one of the preceding claims 
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wherein the adjustment mechanism of each of said 
form lock assemblies includes a user-operable 
drive motor. 

13. The apparatus of claim 12 wherein the drive motor 5 
of each adjustment mechanism is a programmably- 
controllable drive motor. 

14. A method for winding a stator using a stator winding 
machine having a turret member mounted for rota- 10 
tion about a vertical axis, at least three stator clamp 
assemblies mounted on said turret member at 
spaced locations around the periphery of said turret 
member, each of said clamp assemblies including a 
releasable clamp mechanism for holding a stator is 
core with its center axis extending horizontally and 
substantially perpendicularly with respect to said 
vertical axis and with the end face of said stator 
core most remote from said vertical axis spaced a 
fixed horizontal distance from said vertical axis, and 20 
a winding head having a reciprocating and oscillat- 
ing wire winding needle, said method comprising 
the steps of: 

clamping said stator to said turret member by 25 
one of said stator clamp assemblies located at 
a load/unload station to thereby locate the sta- 
tor with its axis extending horizontally; 
rotatably indexing said turret member to posi- 
tion said stator at a winding station with its axis 30 
remaining in a horizontal plane; 
while said stator is located at said winding sta- 
tion, clamping winding forms to said stator, 
temporarily connecting coil start leads to wire 
clamps mounted on said turret member, wind- 35 
ing coils of wire onto said stator at said winding 
station by operation of said winding head, and 
temporarily connecting coil finish leads extend- 
ing from coils wound on said stator to wire 
clamps mounted on said turret member; 40 
thereafter rotatably indexing said turret mem- 
ber to position said stator at a coil lead termi- 
nating station; 

removing said coil leads from said wire clamps 
and connecting said coil leads to terminals on 45 
the core of said stator at said coil lead terminat- 
ing station; 

rotatably indexing said turret member to posi- 
tion said stator at said load/unload station; and 
unclamping said stator from said turret member so 
and removing it from said turret member. 

1 5. The method of claim 14 wherein said step of clamp- 
ing winding forms to said stator comprises the steps 

of: 55 

providing a form lock assembly having a pair of 
parallel, vertically movable form locking blades, 
one of-said blade being mounted on a movable 



carriage; and 

moving said carriage and thereby said one of 
said form locking blade toward the other of said 
form locking blades. 

16. The method of claim 14 or 15 wherein said step of 
clamping said winding forms to said stator com- 
prises the steps of: 

clamping a pair of said winding forms to a car- 
riage; 

moving said carriage with said winding forms 
clamped thereto toward said winding head and 
positioning said clamped winding forms in the 
bore of a stator to be wound; and 
releasing said clamped winding forms from 
said carriage. 

1 7. Stator winding apparatus for winding field coils onto 
pole pieces of a stator located at a winding station 
using wires supplied from sources of wire under 
tension, said apparatus comprising: 

a turret plate mounted for rotation about a ver- 
tical axis; 

plural stator clamp mechanisms including sta- 
tor clamps mounted on said turret plate at 
spaced locations around its periphery for 
clamping stators to said turret plate; 
means for repeatedly indexing said turret plate 
about said vertical axis to repeatedly sequen- 
tially position each of said stators in a 
load/unload station wherein a newly wound 
stator is undamped from said turret plate and 
removed from said turret plate and replaced by 
an unwound stator and a winding station at 
which coils of wire are wound on an unwound 
stator and coil start and finish lead wires 
extending from said coils are positioned in wire 
clamps and severed from the wire sources; 
a winding head assembly located adjacent said 
winding station that winds coils of wire on the 
stator at said winding station, said winding 
head having a ram that reciprocates and oscil- 
lates about a fixed horizontal axis; 
a lead pull assembly adjacent said winding sta- 
tion for positioning wires extending to and from 
the coils wound at said winding station in said 
wire clamps, said lead pull assembly including 
first and second wire gripper assemblies, each 
including a movable carriage, a wire gripper 
mounted on said carriage, mechanisms on said 
carriage for moving and operating said wire 
gripper, and a drive screw drivingly connected 
to said carriage for moving said carriage in a 
horizontal direction; and said lead pull assem- 
bly further including a programmable drive 
motor connected to said drive screws for rotat- 
ing the same. 
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18. The apparatus of claim 1 7 wherein said drive motor 
is connected to said drive screws by means causing 
said carriages to move in mutually opposite direc- 
tions. 

5 

19. The apparatus of claim 17 or 18 wherein a newly 
wound stator at said winding station is, as a result 
of an index of said turret, moved from said winding 
station to a coil lead terminating station wherein the 
coil leads are connected to terminals mounted on 10 
the core of the newly wound stator and said appa- 
ratus further comprises coil lead terminating means 

at said coil lead terminating station for connecting 
said coil leads to said terminals on said stator core. 
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(54) Stator winding method and apparatus 

(57) A stator winding machine has a turret plate 
mounted for rotation about a vertical axis with stator 
clamp mechanisms mounted at spaced locations 
around its periphery for clamping stators to the turret 
plate with the axes of the stators coplanar with the axis 
of reciprocation and oscillation of the winding shuttle 
used to wind coils on the stators. The turret plate is 
repeatedly indexed in one direction about its vertical 
center axis to repeatedly sequentially move each of the 
stator clamp mechanisms to a load/unload station, an 
optional idle station, a winding station, a coil lead termi- 
nating station, and then back to the load/unload station. 
Parts of the machine are quickly replaceable and other 
parts are programmably adjustable to accommodate 
different stator configurations. The programmably 
adjustable parts include a lead pull assembly having 
wire grippers mounted on carriages driven in respec- 
tively opposite directions along planes that a perpendic- 
ular to the axis of reciprocation and oscillation of the 
winding shuttle by a programmably controlled drive 
motor. Air actuators on carriage are used to pivot the 
wire grippers and to control the vertical spacing of the 
wire grippers. 
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Description 

Background of the Invention 

This invention relates to a stator winding method 
and apparatus and particularly to a machine for winding 
field coils on dynamoelectric devices and particularly 2- 
pole stators and for effecting a connection between the 
field coils and terminals mounted on the stator. 

An object of one aspect of this invention is to pro- 
vide a machine which has a high production rate, which 
is readily adaptable for use with industrial robots and 
conveyors that convey stators to and from the machine, 
and is readily changed over, by the use of both program- 
mably adjustable parts and readily replaceable parts, 
from the winding of a stator of one configuration to the 
winding of stators having different configurations. 

In accordance with this aspect of the invention, a 
stator winding machine is provided having a turret plate 
mounted for rotation about a vertical axis extending 
centrally therethrough, and plural stator clamp mecha- 
nisms mounted at spaced locations around the periph- 
ery of the turret plate, each of which mechanisms 
clamps a stator to the turret plate. For reasons which will 
become apparent, each stator is clamped to the turret 
plate with its center axis extending horizontally and sub- 
stantially perpendicularly with respect to the vertical 
axis of rotation of the turret member and with the end 
face of the stator most remote from the vertical axis of 
the turret plate held in a vertical orientation spaced a 
fixed horizontal distance from such vertical axis. The 
stator is positioned on a seat adjacent each of the clamp 
mechanisms which may include a replaceable spacer 
for positioning the clamped stators at a proper height. 

A wire clamp assembly is mounted on the turret 
plate adjacent each of the stator clamp mechanisms. 
Each wire clamp assembly Preferably has programma- 
ble, air operated wire clamps adapted to temporarily 
hold coil lead wires extending from coils wound on a 
stator being wound. 

The turret member is repeatedly indexed in one 
direction about its vertical center axis to repeatedly 
sequentially move each of the stator clamp mecha- 
nisms to a load/unload station, a winding station, a coil 
lead terminating station, and then back to the 
load/unload station. In the presently preferred embodi- 
ment, the turret has four stator clamp mechanisms, 
located 90 degrees apart around the periphery of the 
turret plate, one for each of the above-mentioned sta- 
tions and an additional one which is accommodated by 
an idle station between the load/unload station and the 
winding station. However, it would be possible to utilize 
a 3 station turret plate in a winding machine which 
would not have an idle station. 

At the load/unload station, a newly wound stator is 
removed from the turret plate and replaced by an 
unwound stator. Subsequently, the unwound stator is 
moved by an index of the turret plate to the winding sta- 
tion. Located adjacent the winding station is a winding 



head having a winding shuttle or ram that reciprocates 
and oscillates about a fixed horizontal axis to draw two 
or more wires from sources of wire under tension to 
wind the wires into coils about the stator poles. In 

5 advance of the operation of the winding head, two pairs 
of winding forms are connected to the unwound stator at 
the winding station, and a pair of wires extending from 
the wire sources and held by wire grippers are inserted 
by movement of the wire grippers into a pair of the wire 

10 clamps supported on the turret plate. Coils of wire are 
then wound on the unwound stator by operation of the 
winding head. At the conclusion of the winding opera- 
tion, the wire portions leading from the coils to the wind- 
ing shuttle are gripped by the wire grippers to form coil 

75 finish lead wires extending from the coils, which are 
positioned in other wire clamps on the turret plate. Wire 
cutting mechanisms associated with the wire grippers 
cut the finish leads, now clamped to the turret plate, free 
from the wire grippers so that the newly wound stator is 

20 completely severed from the winding head. The stator 
may then be indexed by rotation of the turret plate to the 
wire terminating station at which the start and finish 
leads are removed from the wire clamps and at least 
temporarily connected to terminals on the stator by a 

25 robot or other suitable mechanism. Accordingly, when 
the newly wound stator arrives at the load/unload sta- 
tion, it may be simply undamped from the turret plate 
and removed. The foregoing operations are repeated to 
continuously wind stators. 

30 Preferably in accordance with this invention, the 
stator clamp mechanisms and the stator seats and 
spacers are quickly replaceable to accommodate sta- 
tors having different stack diameters, the winding form 
handling and locking mechanisms are capable of 

35 accommodating stators having different stack heights, 
the winding head is programmably movable for accom- 
modating stators having different stack heights, and the 
lead pull assemblies are programmable to accommo- 
date different requirements for stator coil leads, both as 

40 to the position of the wire clamps for the start and finish 
wires and also as to any wire clamps that may be pro- 
vided for coil tap leads. 

In the manufacture of 2-pole stators, a common 
practice is to position a stator to be wound in a winding 

45 station with its longitudinal axis aligned with the axis of 
oscillation and reciprocation of a winding shuttle that 
draws wires from sources of wire under tension and 
winds the wires into coils around the stator pole pieces. 
There are typically four wire clamps located in fixed rela- 

50 ton to the stator being wound into which the stator start 
and finish leads are inserted by a lead pull assembly 
that includes a pair of wire grippers, one being associ- 
ated with each stator coil. In operation, after a stator is 
wound, the wire clamps are moved with the freshly 

55 wound stator out of the winding station and the wire 
grippers, which remain in the area of the winding sta- 
tion, hold the free ends of the wires exiting from the 
winding shuttle in predetermined positions. After the 
next unwound stator to be wound is located in the wind- 
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ing station, and often after the winding of coils on the 
unwound stator is commenced, the lead pull grippers 
are manipulated by mechnical means to insert the wire 
ends gripped by them into a pair of the wire clamps fixed 
relative to the unwound stator. s 

After the coils are fully wound, the wire grippers are 
again manipulated, this time to clampingly engage the 
segments of the wires extending from the newly wound 
coils to the winding shuttle and to insert the wire seg- 
ments into another pair of wire clamps fixed relative to 10 
the freshly wound stator. In some cases the coils have 
tap leads in addition to the start and finish leads. In the 
past, the wire grippers have been used to pull the tap 
leads, but the tap leads were normally pulled out of the 
way and not securely clamped, the wire clamps nor- is 
mally being used only for the start and finish coil leads. 

Older stator winding machines were typically dedi- 
cated to the winding of stators having but one configura- 
tion or a narrow range of configurations. In order to be 
used to wind stators having differing configurations, 20 
costly and time-consuming retooling or other change- 
over steps had to be taken. There is an ever increasing 
need to provide stator winding machines capable of 
being rapidly and inexpensively set up to wind stators of 
various different configurations. There is also a conti- 25 
nous need for improvements in the simplicity, cost, 
speed of operation, and reliability of stator winding 
machines. Of course, the same needs apply to lead pull 
apparatus. In addition, lead pull assemblies must also 
be sufficiently compact that they do not interfere with the 30 
other functions of the stator winding machine with which 
they are used. Compactness is an important factor, par- 
ticularly because there is a usually a small space in the 
area of the winding head and the stator being wound 
within which a lead pull assembly is located. 35 

In another aspect of this invention, an object is to 
provide a lead pull method and apparatus for use with a 
stator winding machine which is flexible so that it can be 
quickly set up for use with stators of various different 
configuations and which also meets the foregoing crite- 40 
ria of simplicity, low cost, high operating speeds, high 
reliability, and compactness. 

In accordance with this invention a lead pull assem- 
bly is provided which comprises a pair of wire grippers, 
one for each of the stator coils, mounted on a pair of 45 
carriages that are supported for movement along mutu- 
ally spaced and parallel paths located, respectively, 
above and below, the axis of oscillation and reciproca- 
tion of a winding shuttle. (Here it should be noted that 
relative terms such as "above", "below", "front", and so 
"rear" are used in a relative and not an absolute sense 
herein unless the context indicates otherwise.) The car- 
riages are driven back and forth along their respective 
paths in mutually opposite directions by a drive motor 
connected by timing bolts to a pair of drive screws, one 55 
for each of the carriages. The wire grippers are 
mounted on the carriages by a first frame immovably 
affixed to its carriage and a second frame pivotally 
mounted on said first frame that may be pivoted about 



an axis parallel to the axis of movement of the carriage 
by operation of an air actuator mounted on the first 
frame. A second air actuator mounted on the pivotal 
frame opens and closes the wire gripper jaws and may 
also operate a cutting blade in a manner known in the 
art. 

Although the lead pull method and apparatus of this 
invention is especially advantageous for use with the 
stator winding machine described above and is further 
described below, it will be apparent that it may be used 
in various other stator winding machines. 

Other objects and advantages will become appar- 
ent from the following description and the drawings. 

Brief Description of the Drawings 

FIG. 1 is a simplified, exploded, partly diagram- 
matic perspective view of a stator winding machine that 
includes a lead pull assembly made in accordance with 
this invention. However, only the gripper portions of the 
lead pull assemblies are shown in FIG. 1 . 

FIG. 2 is a simplified, fragmentary, front elevational 
view of the machine of FIG. 1 and showing an unwound 
stator in position to have coils wound therein and 
another unwound stator about to be clamped to the 
machine turret plate. 

FIG. 3 is a fragmentary elevational view, with parts 
broken away and parts shown in cross section, of a sta- 
tor support and clamp assembly forming part of the 
machine of FIG. 1 as viewed in the direction of arrows 3- 
3 of FIG. 2 and showing a wire clamp support holder 
associated therewith by broken lines. 

FIG. 4 is a fragmentary elevational view, with parts 
broken away and parts shown in cross section, of a por- 
tion of the stator support and clamp assembly of FIG. 3. 

FIG. 5 is a fragmentary, exploded perspective view 
of a portion of a stator support forming part of the sup- 
port and clamp assembly of FIGS. 3 and 4. 

FIG. 6 is a fragmentary, exploded perspective view 
of a portion of a stator clamp forming part of the support 
and clamp assembly of FIGS. 3 and 4. 

FIG. 7 is a view similar to FIG. 3 showing the stator 
support and clamp assembly modified to support a sta- 
tor of a different size. 

FIG. 8 is a fragmentary top plan view, partly in cross 
section, of a portion of a winding form-loading mecha- 
nism of the machine of FIGS. 1 and 2 as viewed in the 
direction of arrows 8-8 of FIG. 2. 

FIG. 9 is a fragmentary elevational view of another 
portion of the winding form-loading mechanism of the 
machine of FIGS. 1 and 2 as viewed in the direction of 
arrows 9-9 of FIG. 2. 

FIG. 10 is a simplified, fragmentary, exploded, per- 
spective view that diagrammatically illustrates the 
movements of the various parts of the winding form- 
loading mechanism. The stator is not shown in FIG. 10 
to avoid a confusion of lines. 

FIG. 1 1 is a fragmentary, elevational view of a stator 
located in position to be wound and showing winding 
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forms locked to the stator by upper and lower program- 
mably adjustable form lock assemblies. 

FIG. 12 is an enlarged, fragmentary cross sectional 
view taken along section line 12-12 of FIG. 11, with 
parts cut away, showing the manner in which a winding 
form is locked to a stator. 

FIG. 13 is a fragmentary cross sectional view taken 
along section line 13-13 of FIG. 12 and on the same 
scale as FIG. 12. 

FIG. 14 is a simplified, fragmentary, elevational 
view showing the upper form locking assembly adjusted 
for use with a stator having a different stack height. 

FIG. 15 is a fragmentary, rear elevational view of 
the programmably adjustable winding head assembly, 
representing the portion of the machine viewed in the 
direction of arrows 15-15 of FIG. 1. 

FIG. 16 is an enlarged, fragmentary elevational 
view showing the manner in which a winding head is 
clamped to its base. 

FIG. 1 7 is a fragmentary perspective view of a pro- 
grammably adjustable lead pull assembly forming part 
of the machine of FIGS. 1 and 2. A small portion of this 
assembly is shown diagrammatically in FIG. 1 and is not 
shown in FIG. 2 to avoid overcrowding of lines. 

FIGS. 18 through 22 diagrammatically illustrate the 
initial and final steps in the sequence of operation of the 
programmably adjustable lead pull assembly of FIG. 1 7. 

Detailed Description 

FIGS. 1 and 2 illustrate a stator winding machine, 
generally designated 50, in accordance with this inven- 
tion for use in winding coils of wire onto a 2-pole stator, 
generally designated 52, comprising a generally cylin- 
drical laminated core 54 that forms pole pieces 56 about 
which the coils are wound from wires drawn from 
sources 58 of wire under tension. Here it may be 
observed that the length of a stator is known as its 
"stack height" since its length is determined by the 
number and thickness of the laminations from which it is 
formed. Its outer diameter is termed its "stack diame- 
ter". The stator 52 is also provided with terminal boards, 
which may be entirely conventional, and terminals 60 
held by the boards to which the stator coil lead wires are 
connected. 

In general, the purpose of the stator winding 
machine 50 is to wind field coils onto the stator pole 
pieces 56 and to at least temporarily connect the coil 
lead wires to the terminals on the stator. 

With continued reference to FIGS. 1 and 2, the 
machine 50 includes a turret plate 62 mounted for rota- 
tion about a vertical axis 64 and repeatedly rotational ly 
indexed through successive 90 degree increments in 
one direction, as indicated by the arrow 65 in FIG. 1 , 
about its vertical axis 64 by a suitable indexing drive 
motor 66. Stators to be wound are clamped to an indi- 
vidual one of four stator clamp mechanisms, generally 
designated 68, each of which includes a pair of mutually 
confronting stator clamps, generally designated 70, piv- 



otally mounted on the periphery of the turret plate 62 
and biased by springs 72 into clamping engagement 
with the stators clamped thereby. The stators are sup- 
ported by seats 74 located around the periphery of the 

5 turret plate 62. Spacers 76 to which the seats 74 are 
connected in any suitable fashion are provided, if 
needed, to locate the stators at the proper height with 
the longitudinal axis of the stator coplanar with the hori- 
zontal axis of movement of the winding shuttle, as will 

10 become apparent. 

The four stator clamp mechanisms 68 are con- 
nected to the turret plate 62 at 90 degree spaced loca- 
tions so that, in operation, after each 90 degree index of 
the turret plate 62, there will be a clamp mechanism 68 

is at each of four stations, namely a load/unload station A, 
an idle station B, a winding station C, and a coil lead ter- 
minating station D. At each of the stations, the stators 
are positioned with their center axes extending horizon- 
tally and substantially perpendicularly with respect to 

20 the vertical axis 64 of the turret plate 62 and with the 
end faces of the stators most remote from the vertical 
axis 64 in vertical orientations and spaced a fixed hori- 
zontal distance from the vertical axis 64 of the turret 
plate 62. 

25 At the load/unload station A, a newly wound stator 
52 is undamped from the turret plate 62, removed from 
the turret plate 62, and replaced by an unwound stator 
52. No operations are performed on the stator at the idle 
station B. At the winding station C, two pairs of winding 

30 forms 78, namely a pair of upper and lower front winding 
forms 80 and a pair of upper and lower rear winding 
forms 82, are connected to the unwound stator 52, wire 
portions held by an upper and lower pair of wire grippers 
84 are inserted by movement of the wire grippers 84 

35 into a pair of the wire clamps 88 supported on the turret 
plate 62 by a mounting frame plate 90, as will be further 
described below. 

After the foregoing steps are accomplished, a pair 
of stator coils are wound by the operation of a winding 

40 head 92 located adjacent the winding station C and hav- 
ing a reciprocating and oscillating shuttle or ram 94 that 
draws wires from sources of wire 96 of wire under ten- 
sion and having wire guide needles 98 through which 
the wires exit as the coils are wound. The operating 

45 mechanism within the winding head may be entirely 
conventional so it is not described in detail herein, its 
importance being that it causes the winding shuttle or 
ram 94 to reciprocate and oscillate about a fixed hori- 
zontal axis in order to wind coils of wire around the sta- 

50 tor pole pieces in a manner well known in the art. 

At the conclusion of the winding operation, the wire 
portions leading from the coils to the winding shuttle 94 
are gripped by the wire grippers 84 to form coil finish 
lead wires extending from the coils, which are posi- 

55 tioned in other ones of the wire clamps 88. Wire cutting 
mechanisms associated with the wire grippers 84 cut 
the finish leads free from the wire grippers so that the 
newly wound stator is completely free from the winding 
shuttle 94 so that the wound stator may be indexed by 
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rotation of the turret ptate 62 to the wire terminating sta- 
tion D at which the start and finish leads are removed 
from the wire clamps 88 and at least temporarily con- 
nected to terminals on the stator by a robot or other suit- 
able mechanism, diagrammatical I y indicated at 100. 5 
This mechanism may also be conventional and is not 
further described herein. One example of a coil termi- 
nating mechanism is shown in United States Patent No. 
4,951,379. Thus it may be seen that when the newly 
wound stator returns to the load/unload station A, it may 
be simply undamped from the turret plate and removed. 
The foregoing operations are repeated to continuously 
wind stators. 

With reference to FIGS. 1 through 6, each clamp 
mounting plate 90 comprises a rectangular plate con- 
nected to a pair of spring retainer plates 102, each of 
which is mounted on the turret plate 62 over a recess 
104 therein which is spanned by a pivot pin 106 for an 
L-shaped clamp lever 1 08 that forms part of one of the 
stator clamps 70. Each clamp 70 further includes a 
clamp jaw 110 removably connected to the clamp lever 
108 shaped to engage the outer periphery of the stator. 
Each clamp jaw 1 1 0 has a pair of protuberant teeth 1 1 2 
having vertical surfaces which provide reference points 
or backup surfaces engaged by the face of the stator 
most remote from the vertical axis 64 to insure that the 
stator is properly spaced from the operating mecha- 
nisms at the various stations. The stator may be so posi- 
tioned by hand or by the use of a suitable mechanism, 
such as an industrial robot (not shown). To enable the 
stator to be inserted and removed through the clamp 
mounting plate 90 at the load/unload station A, the 
damp jaws are spread apart by engagement of the pis- 
ton 1 14 of an air cylinder 1 15 with the lower leg of the L- 
shaped clamp lever 108, as apparent from an inspection 
of FIGS. 1 -3. A sensing switch 117 (FIG.1) indicates to 
the machine controls that it is safe to index. The opera- 
tions of this and various other sensing devices are not 
described herein, the use of such devices in the control 
of machine operations being well known. 

As seen in FIGS. 5 and 6, the assembled seats 74 
and spacers 76 and the stator clamp jaws 1 1 0 are read- 
ily removable and replaceable for use in supporting sta- 
tors having different stack diameters. Thus, an 
assembled seat 74 and spacer 76 can simply be lifted 
off the turret plate 62, it being held only by a pair of pins 
116 on the turret. The stator clamp jaw 110 shown in 
FIG. 6, being aligned with clamp lever 108 by a pair, of 
pins 118 projecting from the clamp jaw 1 10 which are 
received by bores 119 in the clamp lever 108, is simi- 
larly slidable off the clamp lever 1 08 following removal of 
a retaining pin 120. The advantage of these quick- 
change parts can be observed by a comparison of 
FIGS. 3 and 7. Thus, FIG. 3, shows a relatively larger 
stator 52 and FIG. 7 shows a relatively smaller stator, 
designated 52A. FIG. 7 accordingly has a correspond- 
ingly taller spacer, designated 76A, and longer clamp 
jaws, designated 1 1 0A. It will be noted in FIGS. 3 and 7 
that the stators are located on the same center line. 



The winding of an unwound stator 52 commences 
with placement of the stator on the seat 74 located at 
the load/unload station A. This places the stator in a 
proper rotational orientation for further processing in 
view of the fact that the stator has a flat surface which 
rests on the seat 74. Of course, other means of stator 
orientation could be used. After the second subsequent 
index of the turret plate 62, the unwound stator arrives 
at the winding station C with its center line aligned with 
the fixed axis of reciprocation and oscillation of the 
winding shuttle 94. At this time the winding forms 80 and 
82 are locked to one another and to the stator core 54 in 
an essentially conventional fashion. Thus, an upper pair 
of form retainer blades 130 are moved downwardly and 
a lower pair of form retainer blades 132 are moved 
upwardly by the operation of air actuators 134 and 136, 
respectively, into straddling relation to the stator core 
54. It is appropriate to note at this time that the stator 
seat 74 and its spacer 76 are shaped to permit the 
extension of the lower form retainer blades therethrough 
or therepast. 

With reference to FIGS. 2 and 10, the front pair of 
winding forms 80 are initially held between short piston 
rods 140 controlled by air cylinders 142 mounted on a 
carriage 1 44 and a center post 145 on the carriage 144. 
The carriage 144 is slidably guided along a gib 146 
mounted on a mounting plate 148 affixed to the bed of 
the machine. The carriage 144 is movable toward and 
away from the stator at the winding station C by opera- 
tion of an air actuator 150 that is also mounted on the 
fixed mounting plate 148. Advancement of the carriage 
1 44 toward the stator causes the the front winding forms 
to engage the front face of the stator core at which time 
a locking pin 151 on the front winding forms 80 pass 
through slots 152 in the form retainer blades 130 and 
132. The rear pair of winding forms 82 is then advanced 
toward the stator and interengages with the front wind- 
ing forms 80. The form retainer blades 130 and 132 are 
then moved away from the axis of the stator to lock the 
winding forms 80 and 82 to the stator core 54 by 
engagement with the locking pins, as well known. 

The parts that carry the winding forms 80 and 82 to 
the stator are now moved away to enable the coil lead 
connection and the coil winding operations to com- 
mence. The carriage 144 for the front winding forms is 
simply retracted out of the way by operation of the air 
aduator 150. With reference to FIGS. 8. 9, and 10, the 
rear winding forms are carried by support pins 153 
mounted on a pin carriage 1 54 movably mounted on an 
L-shaped bracket 156 slidable on guide rod 158 in a 
direction generally parallel to the stator axis and moved 
therealong by an actuator 160. The pin carriage 154 is 
driven relative to the bracket 156 by an air actuator 162 
thereon. In operation, the support pins 153 are 
advanced to bring the rear winding forms toward the 
stator by operation of the air aduator 160. After the 
forms are locked to the stator, the pin carriage is 
retracted to the side by operation of the air actuator 162 
and then rearwardly by operation of the air actuator 160 
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where the parts are out of the way to permit the coil lead 
handling and winding operations to take place. The 
operations to remove'the winding forms 80 and 82 after 
the winding operation is completed will be obvious from 
the foregoing. 

With reference to FIGS. 1 , 1 1 , and 14, the frontmost 
ones of the upper and lower form locking blades 130 
and 132 are mounted on movable carriages 170 driven 
by motors 172 that enable them to be programmably 
adjusted for use with stators having different stack 
heights. Of course, the positions of the rear locking 
blades are fixed because the corresponding face of the 
stator is always located in the same vertical pla regard- 
less of the stator stack height. 

With reference to FIGS. 1 , 15, and 16, also for pur- 
poses of adjusting to stators having different stack 
heights, the winding head 92 has tracks 180 suppported 
by roller elements 182 on a winding machine base 184. 
The entire winding head 92 may be moved toward and 
away from the stator, to advantageously adjust the 
center of the shuttle reciprocation to the center of the 
stator by means of a suitable drive unit 186. During the 
movement of the winding head 92, it also slides along a 
brass clutch member 188 shown in FIG. 16. To clamp 
the winding head in an adjusted location, a pair of air 
operated clamps 190 draw the winding head 92 and its 
base 184 together. The operating parts for moving and 
clamping the winding head 92 may also be programma- 
bly controlled for purposes of quick change over. 

FIGS. 1 7 through 22 illustrate how the wire grippers 
84 may be programmably controlled for winding stators 
having various different lead positioning requirements. 
The grippers 84 form part of a lead pull assembly, gen- 
erally designated 208, that comprises upper and lower 
movable carriages 210 driven by drive screws 212 
rotated by a motor 214 and movable along mutually 
spaced and parallel paths located above and below the 
axis of oscillation and reciprocation of the winding shut- 
tle 94. The respective drive screws 212 have opposite 
threads so that the carriages 210 move in mutually 
opposite, horizontal directions when the drive motor 214 
is energized. Each of the carriages 210 rides along a 
pair of parallel rails 213 and each supports a respective 
wire gripper assembly, generally designated 215, that 
includes a first frame 217 fixed to a vertical carriage 
plate 219. A second frame 220 is vertically mounted on 
the first frame 21 7. A first air actuator 21 6 is mounted on 
the first frame 217 and has a piston rod 216A that 
moves the second frame 220 vertically relative to the 
winding shuttle 94. A second air actuator 218 mounted 
on the second frame 220 operates to pivotally move a 
third frame 222 about an axis of rotation relative to the 
first frame 21 7, which axis is parallel to the horizontal 
axis of movement of the carriages 210. The gripper 84 
on each carriage 210 is operated by a wire clamp actu- 
ator 224 to grip and clamp the lead wires in conven- 
tional fashion, each gripper 84 including one blade (not 
shown) that grips the wire in its grasp and a second 
blade (not shown) that cuts the wire. The air actuators 



216, 218, and 219 are used to control the various move- 
ments of the wire grippers 84 as illustrated in FIGS. 18 
through 21 . The drive screws 21 2, the parallel rails 21 3, 
the motor 214, and the supports therefor are commer- 

5 dally available as a unit, as for example, a unit known as 
a "rail table" sold by Daedel, Box 500, Harrison City, 
Pennsylvania 15636. 

Because motor 214 is programmable, the lead pull 
assembly may be used to not only pull start and finish 

10 leads but also to pull any number of tap leads. Thus, a 
tap lead could be inserted into the wire clamp, desig- 
nated 88A in FIG. 17, intermediate the start and finish 
wire clamps 88 by suitable programming of the opera- 
tion of the motor 214. It will also be apparent that addi- 

is tional taps could be connected to the same or different 
wire clamps using the apparatus of this invention. Here 
it may be noted that motor 214 may be of any type suit- 
able for use with the type of electronic system used to 
control the operation of the machine. 

20 Although the presently preferred embodiment of 
this invention has been described, it will be understood 
that various modifications may be made within the 
scope of the following claims. 

25 Claims 

1 . Stator winding apparatus for winding field coils onto 
pole pieces of a stator located at a winding station 
using wires supplied from sources of wire under 
30 tension, said apparatus comprising: 

a winding head assembly located adjacent said 

winding station that winds coils of wire on the 

stator at said winding station; 
35 two pairs of mutually interlocking winding forms 

for guiding the wires wound into coils wound on 

the stator at the winding station; 

a pair of winding form-loading mechanisms that 

move said winding forms into and out of 
40 engagement with one another at said winding 

station; and 

a pair of form lock assemblies adjacent said 
winding station that lock said winding forms to 
the stator located at said winding station and, 

45 after the winding operation is completed, 

unlock said winding forms from the same stator 
while said stator is still located at said winding 
station, each of said form lock assemblies 
including a user-operable adjustment mecha- 

50 nism that, without disassembly, adjusts the 

associated form lock assembly to permit said 
winding forms to be locked to stators having 
substantially different stack heights. 

55 2. The apparatus of claim 1 further comprising: 

a turret member mounted for rotation about a 
vertical axis; 

at least three stator clamp mechanisms includ- 
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ing stator clamps mounted on said turret mem- 
ber at spaced locations around its periphery for 
clamping stators to said turret member at said 
spaced locations with the center axes of said 
stators extending horizontally and substantially 5 
perpendicularly with respect to said vertical 
axis and with the end faces of said stators most 
remote from said vertical axis held by said sta- 
tor clamps in vertical orientations at said wind- 
ing stations and spaced a fixed horizontal ro 
distance from said vertical axis; 
a wire clamp assembly mounted on said turret 
member adjacent each of said stator clamp 
mechanisms having wire clamps adapted to 
temporarily hold coil lead wires extending from is 
coils wound on a stator; 
means for repeatedly indexing said turret mem- 
ber about said vertical axis to repeatedly 
sequentially position each of said stators in a 
load/unload station wherein a newly wound 20 
stator is undamped from said turret member 
and removed from said turret member and 
replaced by an unwound stator, a winding sta- 
tion at which coils of wire are wound on an 
unwound stator and coil lead wires extending 25 
from said coils are positioned in wire clamps 
and severed from the wire sources, and a coil 
lead terminating station wherein coil leads are 
connected to terminals mounted on the core of 
the newly wound stator; and so 
coil lead terminating means at said coil lead 
terminating station for connecting said coil 
leads to said terminals on said stator core. 

3. The apparatus of claim 2 wherein said winding 35 
head has a ram that reciprocates and oscillates a 
fixed horizontal axis, and wherein said turret mem- 
ber is provided with seats for supporting said sta- 
tors so that the centerlines of said stators are 
coplanar with said fixed horizontal axis. 40 

4. The apparatus of claim 3 wherein: said seats are 
connected to spacers, said seats and spacers 
being readily removed and replaced by seats and 
spacers of different heights to accommodate sta- 45 
tors of substantially different stack diameters. 

5. The apparatus of claim 3 or 4 wherein said form 
lock assemblies include form retainer blades 
engaging said winding forms and holding them so 
against a stator in said winding station and means 

for moving said blades in vertical paths toward and 
away from said winding forms, and wherein said 
seats and said spacers have openings to permit 
movement of said form retainer blades there- ss 
through. 

6. The apparatus of any one of the preceding claims 
wherein each of said form lock assemblies com- 



prises a pair of parallel, vertically movable form 
locking blades, a movable carriage, means mount- 
ing one of said form locking blades on said car- 
riage, and a motor for moving said carriage and 
thereby said one of said form locking blades hori- 
zontally toward and away from the other of said 
form locking blades. 

7. The apparatus of any one of the preceding claims 
wherein one of said pair of winding form-loading 
mechanisms comprises a carriage movable toward 
and away from said winding station, a horizontal 
post extending from said carriage toward said wind- 
ing head, clamps means mounted on said carriage 
for releasably clamping a pair of said winding forms 
to said horizontal post, and means for moving said 
carriage with said winding forms clamped thereto 
toward said winding head and positioning said last 
mentioned winding forms in the bore of a stator to 
be wound. 

8. The apparatus of claim 7 wherein said clamp 
means comprises a pair of air actuators having pis- 
ton rods engageable with said last mentioned wind- 
ing forms 

9. The apparatus of any one of the preceding claims 
further comprising a lead pull assembly adjacent 
said winding station for positioning wires extending 
to and from the coils wound at said winding station 
in said wire damps, said lead pull assembly com- 
prising: 

a pair of movable carriages; 
a wire gripper assembly mounted on each of 
said carriages, each wire gripper assembly 
including a wire gripper and mechanisms for 
moving and operating said wire gripper; 
a drive screw for each carriage drivingly con- 
nected to the associated carnage for moving 
said carriage in a horizontal direction to move 
said wire grippers into positions for gripping 
and manipulating segments of the wire used to 
wind coils on stator pole pieces; and 
a programmably controllable drive motor con- 
nected to said drive screws for rotating the 
same to move said carriages. 

10. Trie apparatus of claim 9 wherein said drive motor 
is connected to said drive screws by means causing 
said carriages to move in mutually opposite direc- 
tions. 

11. The apparatus of any one of the preceding claim 
wherein said winding form-loading mechanisms 
move said winding forms into and out of engage- 
ment with one another at said winding station. 

12. "me apparatus of any one of the preceding claims 
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wherein the adjustment mechanism of each of said 
form lock assemblies includes a user-operable 
drive motor. 

13. The apparatus of claim 12 wherein the drive motor 5 
of each adjustment mechanism is a programmably- 
controllable drive motor. 

1 4. A method for winding a stator using a stator winding 
machine having a turret member mounted for rota- 10 
tion about a vertical axis, at least three stator clamp 
assemblies mounted on said turret member at 
spaced locations around the periphery of said turret 
member, each of said clamp assemblies including a 
releasable clamp mechanism for holding a stator is 
core with its center axis extending horizontally and 
substantially perpendicularly with respect to said 
vertical axis and with the end face of said stator 
core most remote from said vertical axis spaced a 
fixed horizontal distance from said vertical axis, and 20 
a winding head having a reciprocating and oscillat- 
ing wire winding needle, said method comprising 
the steps of: 

clamping said stator to said turret member by 25 
one of said stator clamp assemblies located at 
a load/unload station to thereby locate the sta- 
tor with its axis extending horizontally; 
rotatably indexing said turret member to posi- 
tion said stator at a winding station with its axis 30 
remaining in a horizontal plane; 
while said stator is located at said winding sta- 
tion, clamping winding forms to said stator, 
temporarily connecting coil start leads to wire 
clamps mounted on said turret member, wind- 35 
ing coils of wire onto said stator at said winding 
station by operation of said winding head, and 
temporarily connecting coil finish leads extend- 
ing from coils wound on said stator to wire 
clamps mounted on said turret member; 40 
thereafter rotatably indexing said turret mem- 
ber to position said stator at a coil lead termi- 
nating station; 

removing said coil leads from said wire clamps 
and connecting said coil leads to terminals on 45 
the core of said stator at said coil lead terminat- 
ing station; 

rotatably indexing said turret member to posi- 
tion said stator at said load/unload station; and 
unclamping said stator from said turret member so 
and removing it from said turret member. 

1 5. The method of claim 1 4 wherein said step of clamp- 
ing winding forms to said stator comprises the steps 

of: 55 

providing a form lock assembly having a pair of 
parallel, vertically movable form locking blades, 
one of-said blade being mounted on a movable 



carriage; and 

moving said carriage and thereby said one of 
said form locking blade toward the other of said 
form locking blades. 

16. The method of claim 14 or 15 wherein said step of 
clamping said winding forms to said stator com- 
prises the steps of: 

clamping a pair of said winding forms to a car- 
riage; 

moving said carriage with said winding forms 
clamped thereto toward said winding head and 
positioning said clamped winding forms in the 
bore of a stator to be wound; and 
releasing said clamped winding forms from 
said carriage. 

1 7. Stator winding apparatus for winding field coils onto 
pole pieces of a stator located at a winding station 
using wires supplied from sources of wire under 
tension, said apparatus comprising: 

a turret plate mounted for rotation about a ver- 
tical axis; 

plural stator clamp mechanisms including sta- 
tor clamps mounted on said turret plate at 
spaced locations around its periphery for 
clamping stators to said turret plate; 
means for repeatedly indexing said turret plate 
about said vertical axis to repeatedly sequen- 
tially position each of said stators in a 
load/unload station wherein a newly wound 
stator is undamped from said turret plate and 
removed from said turret plate and replaced by 
an unwound stator and a winding station at 
which coils of wire are wound on an unwound 
stator and coil start and finish lead wires 
extending from said coils are positioned in wire 
clamps and severed from the wire sources; 
a winding head assembly located adjacent said 
winding station that winds coils of wire on the 
stator at said winding station, said winding 
head having a ram that reciprocates and oscil- 
lates about a fixed horizontal axis; 
a lead pull assembly adjacent said winding sta- 
tion for positioning wires extending to and from 
the coils wound at said winding station in said 
wire clamps, said lead pull assembly including 
first and second wire gripper assemblies, each 
including a movable carriage, a wire gripper 
mounted on said carriage, mechanisms on said 
carriage for moving and operating said wire 
gripper, and a drive screw drivingly connected 
to said carriage for moving said carriage in a 
horizontal direction; and said lead pull assem- 
bly further including a programmable drive 
motor connected to said drive screws for rotat- 
ing the same. 
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1 8. The apparatus of claim 1 7 wherein said drive motor 
is connected to said drive screws by means causing 
said carriages to move in mutually opposite direc- 
tions. 

5 

19. The apparatus of claim 17 or 18 wherein a newly 
wound stator at said winding station is, as a result 
of an index of said turret, moved from said winding 
station to a coil lead terminating station wherein the 
coil leads are connected to terminals mounted on 10 
the core of the newly wound stator and said appa- 
ratus further comprises coil lead terminating means 

at said coil lead terminating station for connecting 
said coil leads to said terminals on said stator core. 
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